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General objective: quantitative assessment of local pressures on the overall P load to clarify how

effective will external nutrient load reductions be on the trophic evolution of Lake Iseo.

P from the main tributaries

Role of the macrophytes in the shallower areas

P from the sediments

in the anoxic area

P from the CSOWs

Hydrodynamic and 

ecological modeling
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1 – Overview of the main objectives



Objective: quantify the temporal variation of the incoming load.
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 272 days of hourly data

 Widely varying hydrological 

conditions (rain/Q)

 81 SRP data and 47 TP 

synchronous laboratory data



Results: 1) Two main reasons for P varibility: rain events and discharge increase.
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Rain event associated with low discharge Wet period with high discharge
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Results: 2) Large contribution of the high discharge events to the overall load.
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Cumulated P load from Oglio river (blue line, left y axis) and duration (red line, right y axis) during days 
with discharges lower than a given threshold.

Whole series Dry periods Q < 30 mc/s Q < 60 mc/s

Nr. days 272 125.7 237.7 262.5

Nr. Days % 100% 47% 87% 97%

Cumulated load (t) 22.1 7.5 8.8 18.1

Yearly load (t/yr) 29.6 21.9 13.6 25.2

Load % 100% 74% 45% 85%

Results: 2) Large contribution of the high discharge events to the overall load.



Results: 3) Impact of the sampling frequency (f) on the load estimation
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-28% -37% -46%-10% -55%

Load =  𝑖=1
𝑁  𝐶𝑖𝑞𝑑𝑡 with N = nr. of samplings in the investigated period



Results: 4) Interesting phenomena observed in the northern part of the lake by the webcam
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12/6/2019 12:55 

high turbidity water entering in the northern part of the lake



Results: 4) Interesting phenomena observed in the northern part of the lake by the webcam
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13/6/2019



Results: 4) Interesting phenomena observed in the northern part of the lake by the webcam
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Remaining issues / future work
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1) Difficulty in giving an interpretation of the measured quantity (in between the lab. 

SRP and TP), making this series unsuitable for an overall load estimation. 

2) To what extent does the particulate P contribute to the SRP in the lake?

3) Lack in measuring the P variability in the Canale industrial

4) Need to integrate these results with the one achieved by Parma and related paper

5) Validation of surface currents of 3D models with the webcam images / satellite 

images

Results

1) Two main reasons for P variability: rain events and discharge increase

2) Concentration of the P load in high discharge events

3) Questionable suitability of monthly data. We emphasize the need for event-

focused water quality sampling (e.g. on the basis of given rain/Q thresholds) 

Pilotti, M., Valerio, G., Giardino, C., Bresciani, M., Chapra, S.,(2018). Evidence from 

field measurements and satellite imaging of impact of Earth rotation on Lake Iseo

chemistry, Journal of Great Lakes Research, 44, 14–25. 
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Objective: quantify the phosphourous load from the CSOWs

2017-2018

 Chemical characterization of 18 

overflows events in the 

Cortefranca CSO (242 samples)

 Chemical characterization of 

10 overflows events in the 

Paratico CSO (107 samples)

 Hydraulic monitoring of the 

incoming ond overflowing

discharges in the CSOs of 

Cortefranca, Provaglio and 

Paratico
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Objective: quantify the phosphourous load from the CSOWs

 Hydraulic model of the CSOWs

 10 years hydraulic and 

hydrological model of the 

Cortefranca and Provaglio 

municipal sewage network

 10 years hydraulic and 

hydrological model of the 

whole Brescia main collector, 

including a model of the 

infiltrations

 Statistical analysis of the 

measured data to extrapolate 

them to the whole network
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Results: 1) Moderate-weak first flush in CF, whose strength is significantly correlated with 

the duration of the antecedent dry-weather period; good TN/TP correlation
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Results: 2) Quantification of the role of the CSOs on the overall TP load to the lake

Volumes 103mc/year 1˙210

Efficiency % of treated volumes 81%

Role of infiltration
% of volumes 
discharged to the lake

17%

TP load t/year 3.445

Efficiency % of untreated P 13.1%-21.8% 

TN load t/year 21.758

Efficiency % of untreated N 20.7%-41.4%



Remaining issues / future work
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1) To what extent does the particulate P contribute to the SRP in the lake assimilated 

by the algae?

2) Extension of these results to the eastern side of the lake

Results

1) Moderate-weak first flush in the municipal CSO

2) Residual load from the the CSOWs of 3.5 t TP/year, favoured by sedimentations in 

the dry periods and by the infiltrations in the pipes

Barone, L., Pilotti, M., Valerio, G., Balistrocchi, M., Milanesi, L., Chapra, S. and 

Nizzoli, D. (2019) Analysis of the residual nutrient load from a combined sewer system 

in a watershed of a deep Italian lake, Journal of Hydrology, 571, 202-213, 

https://doi.org/10.1016/j.jhydrol.2019.01.031 



CSOWs SEDIMENTS MODELINGTRIBUTARIES

Water velocity -1m

Water velocity -220m

Wind at LDS

N

E

NS Temp 0-40m & water vel.

NS DO 70-120m & water vel.

fromN

fromS

Objective: Determine possible reasons for the temporal variability of the nutrient fluxes 

from the bottom sediments – alternating currents and redox conditions
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Objective: Determine possible reasons for the temporal variability of the nutrient fluxes 

from the bottom sediments – alternating currents and redox conditions

 1-year-long DO measurements

in two lakes positions at the 

oxycline depth (1/min)

 Continuous meteo and water 

temperature monitoring at LDS 

(1/min)

 4 days field campaing profiling

DO at the N and S basins

 Quantification of the density

difference across the chemocline

 Numerical model of the deep

internal waves structure

 1 month ADCP measurement
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Results: 1) Evidence of periodic and large oxycline oscillations driven by wind

Decoupled V2H1 mode driven by long lasting winds
Coupled V1H1 mode driven by ordinary winds

Deep V1H1 mode supported by 

the chemical gradient (*)
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Results: 2) The chemocline supports / enhances these oscillations

Dr = 25 mg/l

 

  z = 40 

m 
z = 200 m 

Na+ (mg/l)  3.5 3.5 

K+ (mg/l)  1.2 1.3 

NH4
+  (mg/l)  < 0.05 0.22 

Ca2
+ (mg/l)  42.7 49 

Mg2
+ (mg/l)  10.1 11.2 

Mn2
+ (mg/l)  < 0.005 0.241 

Fe2
+ (mg/l)  < 0.02 0.027 

Al3
+ (mg/l)  < 0.02 < 0.02 

Cl- (mg/l)  3 3 

F- (mg/l)  0.2 0.2 

NO3
- (mg/l)  4 < 1 

HCO3
- (mg/l)  127 142 

CO3
2- (mg/l)  < 5 < 5 

SO4
2- (mg/l)  48 54 

H4SiO4 (mg/l)  3.8 6.9 

DOC (mg/l)  0.8 0.8 

pH (-)   7.9 7.6  

T (°C)  6.86 6.72 

K25 (µScm-1)  324.73 361.20 

DO (mg/l)  8.11 0.12 

2-4 layers stratification
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Results: 3) 3 % of the lake's sediment area subjected to oxygen fluctuations 0-3 mg/l
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Remaining issues / future work

1) Effects of alternation bottom currents measured by IGB at the lake bottom on the 

nutrient fluxes

2) Quantification of the effect of variable redox conditions above the sediments on the 

nutrient fluxes

Results

1) Large oxycline oscillations driven by the internal waves and supported by the 

presence of 25 mg/l of density difference at the chemocline

2) 3 % of the lake's sediment area subjected to oxygen fluctuations 0-3 mg/l

Valerio, G., Pilotti, M., Lau, M.P. and Hupfer, M., (2019). Oxycline oscillations induced 

by internal waves in deep Lake Iseo, Hydrol. Earth Syst. Sci., 23, 1763-1777, 

https://doi.org/10.5194/hess-23-1763-2019. 
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Objective: Model the effect of the different nutrient sources on the P evolution in the 

lake (in progress)

Water column model                          +               sediment model

Pilotti et al. 2014 WRR

(Master Thesis of Stella Volpini)
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Preliminary result: Deep P supported by sediment release and sedimentation; seasonal P 

trend in the epilimnion that alternates period of enrichment during winter cooling and P 

decrease due to epilimnion flushing, algae uptake and sedimentation

P data from Rogora et al. 2018
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Science communication in secondary schools through limnology



• Why science communication ?

• Why physical limnology ?

•Why Secondary Schools ?

•How to communicate

•When and who

Increase scientific competence of youngsters. 

Foster citizen science

Science communication in secondary schools through limnology
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• Why science communication ?

• Why physical limnology ?

•Why Secondary Schools ?

•How to communicate

•When and who

• Area of Research and environmental relevance of lakes

• Create interest towards lakes through youngsters

genius loci

• Scientific Completeness
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Science communication in secondary schools through limnology

• Increase scientific competence of youngsters.  

• Foster citizen science



SOME PRELIMINARY CONSIDERATIONS

• Why science communication ?

• Why physical limnology ?

•Why Secondary Schools ?

•How to communicate

•When and who

• Explain the environmental relevance of lakes

• Foster citizen science 

• Area of Research and environmental relevance of lakes

• Create interest towards lakes through youngsters

• genius loci

• Scientific Completeness
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Science communication in secondary schools through limnology

• Topics fit the Liceo Scientifico curricular program

• Alternanza Scuola Lavoro
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• Original Lectures +, Direct involvment through experiments

• Data manipulation through Spreadsheets and programming
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• Liceo Scientifico Calini, Brescia; 

• Liceo Scientifico Leonardo, Brescia; 

• Liceo Antonietti Iseo



Science communication in secondary schools through limnology
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Science communication in secondary schools through limnology
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TOPICS COVERED BY THE SEMINARSScience communication in secondary schools through limnology
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Science communication in secondary schools through limnology

Overview of the dissemination activites of the UNIBS group - 18 June 2018



Seminar 2

Science communication in secondary schools through limnology
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A VISUAL TOUR OF SEMINAR 3: THE RENEWAL TIME OF A LAKE

Seminar 3

Science communication in secondary schools through limnology
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Seminar 4
Science communication in secondary schools through limnology
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Science communication in secondary schools through limnology

Overview of the dissemination activites of the UNIBS group - 18 June 2018



Science communication in secondary schools through limnology
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https://aslantonietti1718.altervista.org/chi-siamo/

https://aslantonietti1718.altervista.org/chi-siamo/
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Discussion

• What about a common paper discussing the 

methodologies for the measurements of the 

whole nutrient load to a lake?

• Ideas for future projects?

• ….

18 June 2019, Brescia


